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Thin invention relates to a method and apparatus tor 
heFixlt>g an elons&.ted space or * location con taJ.ninq an olcngated 
h^utor. Hore ysrtioularl y, the invention relates to « lec«T.rJ,C!*4 
resiBtancft h«*t*.r for heating an olonsetod subterranean fioxuhoia 
At ratUL which are different at. different depth*? n< the borehole, 

;[ t Let Jtnowci to [>e bonotliclai to eiLoti$at<*ci halters 
juch 32 well heaters, tor heating tnte.rvs.lR *t eubterran**" earth 
fo.fmfttl.onu, pipo interiors, or other elongated spares. 1'ci various 
actuations, it is desirable to heat such spaces at. celativeLy high 

10 temperatures tor relatively 10A3 tiftOtf. Beneficial rcoulta 
obtainod by auch heating may include pyroliEiog gil sUMe 
f ormationa, coking oil to consolidate uncotiaolidflted ro&ervoix 
t o- rm a ti on & , colting oil to form electricaLly conductive carbonized, 
zones capable of operating as electrodes within ft reservoir 
^ortfiation r thermally diaplacing hydrocarbons derived fro» oila or 
tars iuto production, locations, prevontintf £or»atioti of hydrates, 
prfti; J.pitat« s, or the hike in fluids which are being produced from 
w*11b and/or traAsni.tted through pipes, or the ILKe. 

The invention alttd bo provide a heating apparatus vhich 

20 j.c capable of generating heat at different rates nt dLffereut 
depths in a well. 

In accordance vith the invention there ia provided \t\ e 
procesa in which subterranean earth formations Within an intorv?il 
rcoro thnn 100 feat long are heated to a temperature of inore than 
600° C. , ao that tie at da injected e-ubetantialiy uniformly into that 
Interval ( a/i improvement for constructing and installing a heater 
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having an electrical cable heating section wnich is free of 
Kp.l rices, gotipl-i^lng* coeirftrut'tiiitf *uid heating cablo /section by 
compressive ly tn?acjin<i at least, one portion of a lutiotion-:* re* 
electrical heating cabla to raduco ltu sin at aald at lua^t orio 
portion, said cable ia at leaBt a? long as the ftftffth formation 
Interval to he heated and comprise an axiiiily «ll*njfcd r malleahio, 
electrically conductive core currounded by granular mineral 
insolation within a matal ahoarh, ao that Bvaflad portion venerates 
heat at a rate higher than the unavaged portion; correlating the 

10 location 0t Sdld Swaging with the pattern of t»6at conductivity in 
the earth formation interval so that at laaat one ootnpr*«feiv«ly 
swaged portion of the cabla 1* located aiort* tho cable in a 
position auch that, when the cable id extended alouq the liacta 
formation interval to be b^atort. the- coflipr*s«ivoly sw*gad portion 
is adjacent to a portion of the earth formation interval in which 
Clie fieat fionductivi ty is relatively higbp connecting fl?iid 
fSoloctively swayed heating cable Bection to at leaBt one power 
supply cable and spooling the interconnected cables? and 
unfJpooling tha Interconnected cables into a weDbore along with a 

2D wed yht" supporting tnfttal conduit, while periodically attaching the 
cable* to hhc OOndult and extending the cables and conduit to a 
depth at which the conpre a ciive ly a waged portions of the cabla are 
positioned adjacent to tho aarth formations having a relativ&ly 
hiflh thermal conductivity. 

vhe invention will now be #xpLain«d in moro detail w3 th 
reference to the accompanying drawings in which i 
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Fig-iira 1 is a three- dimensional i llua-txatioii 6f an 
electrically cotu^icUvs cr>ntftin.iug staged and 

portions suitable for use in the ©recent invention. 

figure 2 sobeTnatXoaXly tUuntrates tbe tnvto.Uing of an 
oloctrlcal xeaiatancB heater withiri the well in acc;or(J»£i(?o frith 
the present ttvventJLou, 



2a 

"p. 
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Figure 3 3hcwD a splice between A metal^ahaatiioct insulated 
pcn*ir supply <rable and a metal-shca^ed insulated cable suitable A* 
a bee ting element of the prosunt invention. 

Figures 4 a\>d 5> illustrate spllcos for electrically intar- 
5 connecting the conductive cores of a pair of mefca L-9heat*3Bd mineral- 
inflated heating cables suitable us being cable* .in the present 
Invention . 

figure 6 show? an aloetrjoal power supply circuit, suitable tor 
use in the present invention.. 

IjO preeent invention Is at Xoasfc in part premiaccl 00 a 

discovery that the propsartios of an electrical conductor (such as a 
irctai-shoathed solid ratHrial-infculattid electrically axdwetive 
cahis ccntalninq a single oopper coro) are su?h that results of an 
application of compressive svraging to ths outside of the njetal 

!■> sheath are transmitted through the insula ticxi to tho core of: Wis 
cable in a manner euch thdt Q&dh of these ccnponent8 ore 
substantially Bimlt^iecaBly reduced in crnss^seztiurtai area by tine 
s#r*> relative amounts* The reductions Ln the cable care croas- 
afcctianal area can be controlled to cause the swaged portion of the 

20 cable to generate a significantly higher errcjnt of heat per unit 

time thai; that which would have bean generate*! without tha swaging, 
QVffian at a substantially lewer temferatiirti. 

In a preferred enbodtaent of the invention r such a swaging ie 
dctA by A process ol rotary swaging, amounting to ca-tprefisir.gr th» 

25 cablci with many bljows applied by rotatinq die&. Rotating swaging 
devinaB and techniques aro known and ccnTOfccially avaiiablo. Buch 
niachinaH cooironly ooirtaJ.n two die? which recircmcatfl rapidly as a 
spindle in *hich -thay aru crotwtod ic rotated, A ccoipresaive rotary 
swaging operation, invnlvea a hanmBring action which haa fchft paica 

30 bsinaficial maberial on metal as forging. It produces a desirable 
grain structure resulting in an increaiiEd tensila strc]*?th mvl 
elasticity. Tha colli (in tcaperature> swaging tends to work harden 
[TOflt jietallic materials. If desired, such a hardening can wade 
more flexible by annealing. 
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Tn a rotary swagxrg operation, the extent, to which the ffwageS 
material 5 a reduced in crra^ s art Lena 1 area can 1* controlled Very 
accurately. For ecsawplo, sinoo a cnetai-ehaathad solid material- 
insulated orppsr -cored oloctricaJ.ly^cmdbL-tivc cob le behaves os a 
*3 yjlid sr-atcrial during a rotary awaging operation, such a ceb.te 

havirxj a dlsnioter ot trccn about 0.69 to 1.25 cm can be awiged to a 
reduced didrffitor With an accuracy o± abcut pl.ua or minua 0.0025 cm. 

Z-'lgure 1 illustrates swaged and unswaged portions oi a coble 
preferred fear uas in the present invent™. In tlie cable slxwi/ a 

10 stainless steel aheatb 2 susrrounrts a mineral insulation 3 

consisting of highly cxmprssssd grains of magnesium oxide and a 
Holid conductive care 4 of substantially pare ccpp&r i& 
concentrloaily surrounded by the insulation and aheath. In a cable 
of the type shown, where the inner and cutar diameters of the 

1^ Rheath Z <ira 7,23 and 9 ion and the- diomsftjor of the cox* 4 ia 3 nm, 
iu tUe uiiewaged portion/ the cab.le may gaiarate. a temperature at 
about €00 'C f ^en conducting 180 cneentBS of alternating current-. 
However, ii> a awaged portion of tJve cable having ti dlaoo&tCT reduced 
by 16%, a beaperat«re of about 830 *C is geryaratad when tho cable 

20 ia oociductirg the saroa r**rxent in tha ssrne environment. 

In a ororerred avhoiiroent, the pres&nt invention can be 
u tallied for providing a tormatim-tailorad irethod and apparatus 
for uniformly hearting long Intervals of subterranean earth 
formations at high temperature, feenrdinq to this /tethed 

25 si&terranean. intervals are. heated \/ith an electric heator 

oditaintng at .leant one spoolablfi BtoeL-she&.thei mineral- insulated 
cab La having a solid, central core of high electrical conductivity. 
such a tablo can be arranged to heat tho earth fiorwa Ciena ao tmt 
haat 1*; transnltted into the for mat ions at a substantially uniform 

3D rate, even when the hoe ting involves mora than about. 330 watts per 
cnatra at besi^arriitLanQS between about 600 fltixi 1000 4 C. Tfce LUfiifarndty 
of tlia bent traniflib'sion ia ensured by providing the heater with, a 
pattern of electrical roaistancee with oepth within the well 
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correlated with the pattern of heat uemductlv.Uy wi<:h c>pth within 
the fuirvounding earth, forioatiang , 

Figure 2 showa preferred eu'bndiwent of a wall neater of the 
present Invention baing installed within a wall. Aff JihcVH, a pair 
S of selectively awngad htffttcr cables v.ith awngad and ua^W^d 
portions or; the typa tficwn l.a Figure 1 are being unsocoled *.nix> a 
>oIl frcrn spooling meana 5 and 6 while a support membar 7, such as 
a wits lino or spoolabla metal ccruiuit, is ooncnvn-ntly unapcolod 
into the wll from a spooUo? ireana (not tfjown) . Une .\cwer end t>f 

ID the support neons 7 is attached to a met or iro«JW 8* soph as a 

sinker bar for a vertical well or a pimpcible or Other TODConr TOana 
for * substantially horizontal wVL ^The lewer ends oi the heating 
osble, evagea porticos lb, are oecbanically attached to a ciO)U 
junction or end-cenrwetar 9 in v.htcb the conductive coree aro 

15 electrically Inbercorwested (as shown in acre detail in Vigura 4) . 
Tba junction 9 is also me^ianically connected to the support neataer 
7, for eJcaropL} by a strapping means L2. The Icrwnr onds of the cable 
parti aw, which are swaged for increased heating, arc electrically 
iiAeroannscted in the encS connector <> and pcaitionsd to GKtcnd 

20 through the zone afclected for rcooivlrg the increased bating. 

tte unawaged porticos la of the heating cahlee, designed fior 
minimal heating along th» sono to be heated, are poaituaned to 
extendi above the swaged portions Lb for A distance sufficient to 
reach & aano which ia cool enough, for an inteax»nnect.ioo. of the 

2S heating cable portions La with powar supply cables 10 by means of' 
joint* or splices 11 tor electrically arxi roadianieally inter- 
□^nesting the powar supply tug ard beating cablEs. Ibo power supply 
cables 10 are arranged Uor currying a gelecced amount oi current 
while* generating only a lalnllCftl awount of heat* Tna details of 

30 suitable ireschanical and electrical cable connecting jointa for ubg 
vith matal~sheathed mineral-insclattid power supplying cables are 
illustrated in Figure 3. 

As the boating and power supply cables 1 and 10 axe run into 
tho wall , along with tJie w^nt-supporting strand 7 * the cables are 
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periodically attached to the- strand 7 by neana of clause or 
3 trying oce&ns 1.2. »jcb clonpe «ira arranged for creating * 
^yir^ion. h~tv«on the c-sble* snd. «tr"*nd yhich i» «offi^i^t to 
support the weight of tlve* lengths of tha cable? vrtunh are lucftted 
5 between che clanps. 

Figure J illustrates details of preferred arrangwentn of 
splices 11, ah shewn, tha power supply cabLa 10 haft a crafcal sheath 
14, audi as a ceppar sheath, surrounding an insulated olectricaUy 
ccrxiUctivB core 13 having a combination ot crrwaBotiunal area, and 
10 electrical rc3l5tar.ee per unit 0L r length adapting it to carry i*>a 
current to be used in the heatirxf operation while generating only 
gn ineigmffieant araoune of beat. A» shewn, the power cable ahaith 
14 aa veil as a power cable care 13 &ro Urger Chan the ateath 2 
and core 4 of the unswugoc* port.to of heating cabio La. ttte 
15 om&ictivc cores of the cable axe electrically interconnected, 
preferably by wading. .In general, the power cable can surprise 
Si±>Btantially any typa of electrically conductive cable which ia 
adequately heat stable at the tejrpsrature generated by tha minimum 
heating portion or a boating cable such oa Ifl. Where tihe TOxiuum 
selected hes±ing l-^t^rAtoro is sufficiently lew and/ or tlvs 
distance between the power supply and zena to bs lifted is 
adequately short, tha power supply cable can nonprisa a irotal- 
sJieathed irawrAl-in^latod b-oli<?r<anefl* cable which ia a&lsetJvel.y 
swaged to prwicte tlo aolccted beating ten^erature ero that no 
25 splices 3ix*h aa splicea 1L ar\i nodded. 

A3 3hown in Figure 3, a relatively short *l*eve 15 p auoh as "a 
sboel skxvc, is fitted around and waldod or brwed, or otherwise* 
jre=ftanically attached, to the aheath 14 of the power cable 10. TbG 
aleeva 15 is preferably selected to have an inner di.ameter forming 
30 an annular ^paco between it anS aheath 2 large- eajcugh to 

ftcociiiTOilate a bhort&r steel sleeve 16 fitted around the sheath of 
Lite cable la. In a pi-erfurrcd assembling prtaoadure, before inserting 
the short -sleeve 16, substantially all of. the annular e£?.ca between 
the cable core TunfcerB 4 and 13 and sleeve 15 ia filled with a 
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pondered mineral insulating material s^ich as magnesium oKid*. The 
insul&tj.ng material i& preferably deposited v/ithiri both l:he annular 
apfloe tecween Uia cable core? and the sleeve 15 its we.U as the 
spaoe between the bIhbvc 15 and the flheath 2 of the cable la, and 
5 vibrated to ocirpact the mass of particles. Slaava L6 Oftn tlien be 
driven Into Ute spaua between the si ewe 15 and shaatb 2 so that, 
tha mass of xfd]\era.V insulating particles is compacted by the 
driving force. Sleeves L5 and Ifi and aheath 2 are then welded or 
braced fcogetlxir. 

10 Picture 4 illustrates details of on end OOnflOOtor or splice 9. 

AS shown , cables lb ana CKtordad through holed ill a steel blnck 9 
so that short aectiens lc extend into * cylindrical opening in the 
centra], portion of Uia block. Ute electrically conductive oores of 
tha cables are welded together at weld 17 and the cable- shoaths are 

1? -^idod to block 9 at we Ida IS. Preferably, the central oanduotors 
□f tha cables are surrcunded by a herrt stable olectTicai insulation 
such as a nttisa of compacted poxder<sd mineral particles and/or by 
4tsc? of; ceramic matsrialB (not shown) , after vdiich the central 
opening is sealed, for eDcampla r by weldiwy-cr* pieoaa of steal (not 

20 sbrwn)* Hbeare the heater is supported, as 9town in Figure Z, by 
attaching It bo an elongated cylindrical structural member 7 P a 
groove 19 is preferably formed along an oxtcrlor porricn of end 
splice 9 to mate with tte structural cmautar and facllicata tha 
attaching of the end piece bo that member, lor axatnpie, by a 

2S strapping mawls 12, 

Tigurf? 5 shows a preferred type of end connector which 
cl iiimiatea the need for cutting and wilding a heater Ctiblje to foriA 
a pair of heater cables, such as cables* 1.6* 'irie heater cable is 
singly bent into a U-turn and [ftschanlaalLy clause] to block 20 by A 

30 fcol bed-on clamping plate 21. The block 20 is preferably provided 
with grcowe 2?. to facilitate tha clanrxing of it Co a cylindrical 
structural mejifeer surrh a* the cylindrical cnembor 7 shown in 
Viqura 2. 



X " 
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.in general, tha power supplying elements cm cmiprie« 
substantially any JVC or DC sy&tfltn capable of causing a baati>r of 
tha present ty^e rn heat at tho elected r*.Ul:ively high irato. Such 
a beating r<nto can be about 330 watts par metre or soot*, 
5 Picture 6 is a diagram of a preferred &rran?eciewt at 

alternating current olectrtoal pawer aupplylfcg elanentfl suitable 
ftrr the present typo of heater. f tfua arraiige/tttnt Includes two 
inverse, parallel, silica-controlled rectifiera OCRs) in the 
circuits of! both elements of a two-*l«rne5it h«afcer. In such a 
10 balanced sy^tCT the b&atsr lags should be of equal resistance so 
that tha Cttbl£ coce jurwtiun, point A/ twitlun end octruiBctor 9) osn 
remain at zero vol few or virtual ground pobeaatial. lfce aheatha of 
the heater cabins are connected to the grounded centre rap of the 
trans£caca«x ivenrsdary. Sirica point A repreoenta una weldad 
13 connection within the end pifceo S, the poeend.al difference between 
the oennoction. and the housing will bo zero for ail practical 
purposes. Thsae points coald be in electrical contact without any 
conduct tan of current* At points advancing upward alcn} the lege of 
the tosatsr, the potential difference batwean tho Shaaths and the 
20 central coocJuctor can increase and finally reach (flftxinums 3uch as 
plus or minus. 2i0 V. 

Xn various ai tuitions in which an elongated space ia to be 
heated, titie in aitu thermal ccndlucticn ray vary *igni.ficor/tly 
within varioua layers or locations along that apace. A morn fcoat 
'S oondi^ctiv^ layer will carry off thrc boat generated by a heater 

faster than a less conductive layer. As a result, temperature 
maintained by an electrical raBistanca ]ia&ter carrying a given 
Acncmt of currant will be 3ower opposite o mors ccnSuceive layer , 
In situations in which it i3 desired tn maintain & ±]At or uniform 
30 heating rate alojtg the SJvace belr.g heated, it ia dasirablo to 
reduce tbe heater cor© cross-s*c bional area in orcer to gaaricrate 
heat at the same rate as that in other porticri3 of the heater whJch 
are lxtter. 
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An ulectrica.l rRsi stance heater can be caueud bo ^joicrate 
se Is steel hesrtirv^ ra^r: it diff ^jr^it Lonafc'i.nns slc:;g ths heater Jsy 
installing ho&ter secticna ocjntainirxj conductor a of varying etc©?/- 
actions . 'Vhe *mUar oare- or oajiductar crofiS-9ect\cn B exhibit hot 
5 rasiatarvefi to tha electrical current flow and thua generate teat st 
& rate higher than weald be saccrated by a thtctar core At tha 
terr^xiratiare. *br exaixpla r it can neat at a selected rate- at 1x*ot 
tanparature existing along a relatively more heeit caiductive layer 
or scoc: within the Hpace tawing heated, 

\0 Tho present invention provide 5 a method of causing a fc**ater 

having an aleetrically conductive core vfhicb ia continuous and 
unitary to generate ccnetant and /or selected avennts of heat alcng 
one or a multiplicity of different portions of the heater without 
requiring a maLfcitufle ot heating cable- splices. Particularly where 

15 tho heating is to ba rcnetoted at relatively high toi^rauiTrea fur 
long times, welding problems and epportanitice fiar leakage are 
inherent in <uiy ait ting and &olicing of electrical haatingf cables. 

In respect to an electrical resistance heater coaprising a 
pair of electrically autnrcann^bad jnathl-sheathed solid iciitcrial- 

20 insulated cables each containing a malleable octal elflctrically- 

coudgctive ocr& r fcisr «jet» of rotary switching dies can ba arranged 
for protfidlmy percentage 3 of aiairetrical reductions ot 6, 12/ IB 
and 24 in tho initial overall diameter of oach cable and its 
oorirtetive uoxq. By reducing ore portion Oct: the cable diameter by 

:i r j 5% and another by 12.*, the overall reduction is 911. Fy sixrh 

procedure? f the overall cross -sect iooal re^uctiona for both legs of 
the haater can be provided in eight 3tepR of roughly 105 each- t?or 
eixaitple r see fche fallowing table: 
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12 
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55. 3 


13 


L9 




18 


24 


75.0 


24 


24 


84.5 



m sush a procedure r if the «jDCW-deaeri2»a pracforr e*3 pcvrr 
supply is to be used, it i& rtt02ssary that each leg of ttua hoater 
after re-Jiirrtiona in lis cere diatiBterr have en overall reeiatance 
equalling that of the other leg after reductions in .its ccare 

S diamRter. This is n©3&ssary to enBiire thfl zero voltarje potential of 
the interconnected caiGUCtocca in the erd pisCC. TViDSr it is 
necessary to divide the overall extents of electrical care 
reduction ft evenly over both lengths of the heater. 

Substantially any oaipi'osslve «waqiP9 procedure which is or Is 

10 substantially equivalent to rotary sw&<flng can suitably be used in 
purarrtisirug the present .invention,. Ifecatt^les of swaging Trachims 
and/or techniques which C*m suitably ho used are .incluRira of dis 
closing awaging machine?/ such ae those jftiaufacfcuxed by The 
Torrit-tfyton CU;npany r or Abbey tetna ttedhins Ctwpsny or Venn 

t.5 w?nvsfacturirjg, etc. 

Power auH>3y cables capable of transmitting the amount of 
current elected to be used whiio genaratiiig only a relatively 
Insignificant arrount of heat and bavin?/ sufficient thermal 
stability fox electrical and iiuodhanioal ativacrnnent to thu mortal 
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sheaiiliad cab la selected for qperarating a tainixirujci ancunt of heat can 
suitably be uHed in this invention, Ejcanple-s of sash capias inclutta 
owSe available a» DiOCyPyrDtciiac cnl rabies. 

in general, in a situation in which an electrical conductor 
5 reed not to insula bed/ the present Invention con ba practised wteh 
substantially any electrical conductor v/hich is oontinucus and 
unitary is a ccffitinyoua body froo of interconnected ' grants 

or strands) 22nd has a coze or conductor thickness (.i.e. a croes- 
secticnal area of the electrically candiictivo fratertal) which ifi 
10 different in diffewait locations along the length of thfl electrical 
conductor . Preferred electrical conductors mnprise sn^te 
conductive core* of malleable metals or alloys surrounded by a beat 
stahla solid insulated raterial within a beat stable mtAl s)\eath 
euch aa refractory pcw3er ox solid fibre insulating materials 
\5 wAfchiu copper or stcol sheath*. A copper core surrounded fay 

powdered iragnsaium oxtdo within a cepper sheath for use at modaratu 
temperaturea, or a stainless steel sheath tor ucc at high. 
teTrperaturea, ia paiticulao'ly preferred, 

In general, the present invention can t« utilised to initiate 
2D una jtctiataJn a substantially uniform rate of lieatirxf along a space 
containing at least one portion having a relatively lew rata of 
teat conductivity and /or to establish and maintain a relatively 
hi<£> rate of. boating along selected portions alar*? a space 
. thxoojhout which the rate of heat conductivity is nearly uavfbrnu 
?5 Tfte variations in haat conduct jvity with distort alrog an 

elongated path can be aebanuined by meaufl of yruraercxjc knovn and 
available devices and teofrnic^uas . 

m a particularly prafurrad procedure for utilizing the 
peasant invention tor heating along a path along which the h±*it 
30 conductivity is nonuniform, a selection is made of the rate of 
heating to be provided when an electrical conductor having tha 
ccmpceition to used is ccrrfucting the ancunt of curreot to ba 
used within ci hortogenoous medium Iwcvjjx? tha lowest heat 
conductivity to be eraxsujntcrcd aJcng tbe path to be heated. The 
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maxlw thickness for t'ne alentrionl cmductnr to ba used U tfcn 
tbfi ttiickneaa which provides that ratu of hsativ-q in that 
situation. The thick/iCSS Of portions of the <x*ufcctm- to bt» 
petitioned along portions ot the path which havt higher heat 
r ; o^od activities are then iradte tiUrmsr to an extont substantially 
compensating fX3r cbe nor* r<tpld ccrductingKiway of the Ueat by 
these hi g hear boat oanidiunti-vitias. 

Alternatively, where Jit ia da&irable to generate heat at 
reUtively rapid rates along part-Low of a path to bs tentatf (for 

10 exairple, along tcp and hot tan portions of a Riifcrtei-rahc&rj oarth 
farmar4un} such an arranyeroervt can ba iwdo, a.Yeha.igh thB tout 
conductivity may be substantially uniform all along the path to ]je • 
heated, 'Ite conductor thickness; an.4 resistance to be uered al«ng 
moat of tJie cable conductor sire select to provide the selected 

t5 rate of hating a long a hc?nogensoufi material having the huat 

conductivity ojmnco to w»t of tbo intarval to be hearted. Then, r.he 
tnare rapid heatir-g rate along selected portions of the path can be 
obtained by thinning the pcflrtvvo™ of the conductor to be ext*ndad 
along tboae portianb of! the path. 



http://patents 1 .ic.gcxa/fcgi-bin/any2html 



THE AMbODIWfiJlTR OF THE INVENT I OH IH WHICH AH EXCLCJSIV3 
PJftOPSRTY OR PRIVILEGE IS CLAIMED DHPIHfiD AS i'OLl.OWS: 

].. In a procs as in which aubterranaan earth formations 

within an interval more thau LOCI feet Long are hOHttKl ti> A 
temperature ut tnor$ thaft 600°C. , ao that heat is injected 
substantially uniformly into that internal , an improvemsnt far 
constructing and Installing a heater having an electrical cable 
heating s&ctton wMoh ift free of Bpliccfc, comvriftinff » constructing 
said hft&tJ.A^ cahle section by compress ively swacjing at laaat on* 
porti.ou of a juration- tre e electcicail hea.ti.ntf cable to rc4uca it* 
At Said at least on© portion, said cable la at least aa long 
aa the earth formation interval to ha lieated and comprises an 
ax*a,V\y aligned, malleahle, electrically conductive cor* 
surroundad by 9ranuLar sUnexal IneuiativW within a ttetai eheath, 
ao that frvaged portion generates boat at a rato higher than the 
unpaged portion; correlating thfi location of Oftid swaging with 
the pattern of heat conductivity in the aarth formation interval 
BO that at Loaat one coTnprasalvoly swaged portion of the cable iii 
located along the cable in * poaitioft PJUCh that, vhr»n thr> CAblc in 
extended along the sarth formation interval to he heated, the 
coiapraHsd valy sxaged portion is adjacent to a portion of tlie earth 
formation luterval in which tha heat conductivity ia rfilatively 
hl^rh) connecting aaid selectively avagert heating cable ftoctlon to 
at least one power supply cahie *ind spooling the interconnected 
cables ) and unBpooliny the int.ercoouect&cl cables XntO a wellborn 
along with a weight- supporting metal conduit voile periodically 
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av.CAohtoq tUe calUep to the. conduit, a.ud extending the cable a and 
conduit to a dQptJj at which the coifip Cintfivoiy svased portions uL* 
rhe cabLe are poR^tioriftd adjacent, no th* earth torRAtione having 
r^latiuoly high thermal conductivity. 
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AB STRACT 

ISEKMG RATS VARIANT 
ELOKGATED FT .1 1 TH ECAL HEATER 

an elecejricai rcsl.&tarjoe tracer capable a£ generating Iwat at 
diffBL-atit r^tes at different lcmtlocrw «Llc«g ita length cncprisss a 
ccntinuoua and unitary electrical oonductor bavir^j a thickness 
whirti is different at different kxutticos aloutf its length. 
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